PRANTL (18) , POPP (15) and McCAL.A, WEIR and NEATBY (13) agree, at least in part, with SACHS. MASON (12) and Popp and BROWN (16) have stressed the action of ultraviolet rays in checking growth. MASON found that date frond elongation stopped soon after sunrise at Indio, California, and was not resumed until near sunset. Growth was resumed within a few minutes if the plants were covered during the day, but could be stopped under the cover or at night by the radiation of a quartz mercury arc. Tropical workers, BROWN and TRELEASE (2), COSTER (3), OSMASTON (14) , PORTERFIELD (17) and TRELEASE (21) , are generally agreed that daytime checks of plant growth are caused by internal water deficits in insolated plants rather than by any direct action of light. It might be assumed that the lower percentage of ultraviolet in the sunlight of the humid tropics accounted for their observations if it were not that LLOYD (9) was unable to find any direct effect of sunlight upon the growth of Eriogonum nudum at the Desert Laboratory at Tucson.
LOoMIS (11) , working with potted maize plants in the greenhouse, concluded that the elongation of this plant was controlled by the temperature and the internal water supply of the plant and was not directly affected by light. Temperature is normally positively correlated with radiation, but water supplies within the meristematic tissues tend to be negatively correlated. The greenhouse glass would reduce the ultraviolet of sunlight by screening out the shorter and more active wavelengths. PRESCOTT (19) , however, found that maize in the field in Egypt also made its greatest growth after sunrise in the morning and around sunset, with a midday drop that was accentuated by declining soil moisture percentages. There is thus a fairly general agreement among investigators that sunlight is not directly inhibitory for plant growth, although the verdict is not unanimous.
The present investigation was undertaken in the summer of 1939 to compare diurnal growth in the field with the earlier experiments on potted plants in the greenhouse, and to evaluate more accurately the various secondary effects of sunlight on growth. It was concerned with the effects of full sunlight on the growth of non-etiolated plants, so that the numerous complicated effects of light on plant form (7, 22) Considering the effect of light alone ( fig. 2 ), the growth curves rose with light on the morning of July 2 and then dropped sharply at 1: 00 P.M. Growth of the shaded plants rose somewhat higher and dropped to a minimum of 6.5 mm. per hour compared to 3.9 mm. for the exposed plants.
Evening and night growth rates were obviously unrelated to light since growth increased rapidly between 1: 00 and 5: 00 P.M. and then dropped to a low value in the late evening. The shades were reversed at daylight on July 3, and the effects of the previous day's shading apparently reduced the morning, growth rates of the newly exposed plants. The shaded plants made their maximum growth at 1: 00 P.M., dropped to a daytime low at 5: 00 P.M. and rose sharply with the unshaded plants to a second high at 7: 00 P.M., just before sunset. (8, 11) indicates that 100 C. is the minimum for growth of maize and that 300 is near the optimum.
In a second shading experiment six plants were covered with heavy paper until maximum light intensities were 1 to 3 fe. The first day after shading the covered plants grew four times as fast as the controls between 12 :00 M. and 2:00 P.M., but the daily total for the two groups was the same, the control plants having made a much greater evening growth. By the third day of continuous darkness, growth of the covered plants began to slow from starvation, shown in low sugar percentages, dropping to less than 1 mm. per hour on the fifth day, while growth rates for the controls varied between 2 and 9 mm.
EFFECTS OF DRIER WEATHER.
-If the midday dip in growth rates is the effect of water deficits, and the night time drop is due to low temperatures, hot-ter, drier weather should increase the night and decrease the daytime growth rates until the classical picture of plants growing at night is obtained. Ani approach to such a record was obtained on July 12-13 ( fig. 5 ) when the maximum temperature was 370 C., the minimum 24.5°, and the soil moisture immediately under the hills was 3 to 4 per cent. above the wilting point. Moisture midway between hills was 4 per cent. higher and near the field capacity. DAVIS (5, 6) has shown, however, that soil moisture near the plant is removed preferentially, even when as here, fully developed root systems are present in moist soil farther away, and that soil moisture percentages well above the permanent wiltinog point may sharply check the growth of rapidly transpiring plants.
On July 12 the growth of maize, as shown by the heavy line in figure 5 , dropped in the morning until the rate at 2 :00 P.M. was about one-third of that at 6:00 A.M. The relative humidity was no lower than on June 24 ( fig. 1 ) when the 2 :00 P.M. growth rate was nearly five times as great. The eosin injections, however, showed a considerably greater internal water deficit in the slowlycgrowing plants, with a figure of 44 cm. in 20 seconds at 2:00 P.M. of July 12. Temperatures, too, were probably excessive, although it is difficult to distinguish between the effects of high temperatures and high internal water deficits under field conditions. By 8:00 P.M. the temperature had dropped to 30°C., the eosin injection to 5 cm., and the plants were growing at a rate of 8 mm. an hour. By midnight the rate was down to 5.5 mm., dropping with the temperature and possibly with the completed elongation of an accumulation of freshly divided cells. The daytime pattern of July 13 was essentially the same as that of July 12 except that partial cloudiness maintained the 2:00 P.M. minimum at a higher rate. The night temperature, however, was 80 or 9°C. below that of the previous night, and the night growth rate was down to less than half. Also the growth rate rose with the temperature on the morning of July 14. The actual rates, however, were nearly identical with those obtained at the same time and with the same temperature on the previous day. July 14 
EXPERIMENTS WITH OTHER PLANTS
The data obtained with Zea mays seem clear cut. At temperatures between 100 to 15°and 300 to 350 C. the normal height growth of this plant was determined by temperature and internal moisture supplies. Light of the qualities and intensities obtained in Iowa sunlight had no direct effect upon its growth, although the indirect effects through photosynthesis, temperature, and transpiration are of major importance. Because the growing regions of the maize plant are thoroughly shielded from the direct action of the shorter wave lengths of sunlight, other, more exposed, plant organs were measured in further tests of the effect of light on growth.
ASPARAGUS.-The growing points of young shoots of asparagus (A. officinalis) are more nearly exposed to direct sunlight, although they too are figure 6 . The dependence of the growth of this plant upon temperature during this moderately warm, moist period is obvious from the data. These results agree with those Of CUJLPEPPER and MooN (4) and WORKING (23) . No inhibiting effect of light can be det.ected, and the growth of ten plants shaded with insulating board was not significantly different from that of the exposed plants.
BINDWEED.-The growing points of the vine Polygonum convolvulus are diameter. The meristems are thus well exposed to the direct effects of sunlight. Ten wild plants of this weed were marked and measured at four-hour intervals. Plants were some 80 cm. in length and just beginning to fruit at the start of the experiment. Although a full complement of leaves was exposed to full sun with slowly drying soil, Polygonum plants showed no evidence of an internal water deficit ( fig. 7) . Neither did they show any inhibiting effect of sunlight. Growth followed the temperature curve with the exception of the 2:00 to 6:00 P.M. jump on July 11. The four days shown were successively hotter and growth was successively less. Watering and shading, however, failed to restore the growth rate which continued to drop, apparently as a correlative effect of fruit production. CASTOR BEAN.-The expansion of young leaves of Ricinus communis would seem to be a growth process particularly susceptible to inhibition by A.M. All measurements of both axes and leaves showed a tendency for size increases to follow the temperature curve, and thus, other factors being equal, to be increased in sunlight. Growth was checked, however, by water deficits within the plant. Such deficits are generally inversely proportional to the relative humidity and the available soil moisture, and directly proportional to light intensity, temperature, and air movement.
In numerous individual measurements maximum growth of both axes and leaves was obtained with full exposure to sunlight at 10,000 fc or more. Readings were made with a Weston photocell, and intensities as high as 12,000 fe, obtained with clear sun and reflecting banks of cumulus clouds, did not appear to be directly inhibiting for growth. No measurements of ultraviolet radiation were made, but, with the generally high relative humidities (50 to 60 per cent.) prevalent at the time these readings were taken, it is probable t.hat values for this fraction were low, particularly in the shorter wave lengths which have been shown to be directly inhibiting (12, 16) .
Full Iowa summer sunlight does not appear to have any direct effect upon growth of plants. Indirectly it increased growth by increasing photosynthesis and raising the temperature. Growth was decreased by excessive temperature and by internal water deficits developed in plants under the combined effects of sunlight, high absorptive capacity of the air and decreasing soil moisture percentages. Field grown plants were less subject to internal water deficits with high soil moisture than greenhouse plants in pots. The roots of field plants probably develop a greater absorptive area. Water near the plants was used preferentially, and sharp daytime checks in growth were observed when the principal absorption was occurring two feet from the base of plants with roots three feet or more long.
Experiments indicating that the expansion of large leaves has the temperature coefficient of a chemical reaction suggest that the action of auxins in increasing the plasticity of expanding cells may be more important than turgor pressure in cell enlargement.
The plants investigated made a greater growth in the daytime when temperature was the limiting factor, and a greater growth at night when moisture was limiting. Very commonly the interaction of these two factors produced a double peak of early morning and evening growth. 
